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Method ofmSWSgernent In a efcrcuit-awitched communication network and 
device which can be used as a node in a circuit-switched communication 

network 



The present invention relates to a management method and device 
5 in a rarcuit-switched communication network using an improved summarised 
^presentation of the network. Furthermore, the present invention reletes to a 
routing method and device, to a pricing method and device and to a planning 
method and device in a circuit-3witchcd communication network. 

Communication networks comprise a set of nodes interconnected 
10 with links to permit the exchange of information, which may be voice, sound, 
graphics, pictures, video, text or data. The nodes are divided into two types; 
terminal nodes and communication nodes. The terminal nodes, such as phone 
$ets s computers, printers, file servers or video monitors, generate or use the 
information transmitted over the network. Tho communication nodes, such as 
is switches or gateways, relay the information but do not generate or use it l ne 
communication from some terminaf node A to terminal node B takes place over 
one or more communication links. The physical medium that supports this 
communication may be a cable, copper wires, an optical fiber or a radio link, for 
instance 

20 A need to exchange information between two nodes is called a 

demand- Demands can either be uni- or bi-directional, or do not require that the 
same amount of bandwidth be transmitted in both ways. However, links are* hi- 
directional. Networks requiring the establishment of a connection before 
information can be transferred between nodes are called circuit-switched 

25 communication networks. In those networks, a circuit is established only on 
demand and is deallocated when no longer needed Circuit-switched 
communication networks can use a variety of protocols such as, for instanca, 
Asynchronous Transfer Mode (ATM), Time Division Multiplexing (TDM), 
Resource Reservation Protocol (RSVP), Transmission Control Protocol (TCP) 

30 and Synchronous Digital Hierarchy (SDH), Common circuit-switched 

communication networks need at least some form of management of resources 
and demands arising in the network. Most circuit-swftched networks are 
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centrally managed (not TCP however). A oentral hardware and software 
management platform manages and routes, usually in - real-time all new 
demands through the network. The central management platform may perform 
other tasks such as pricing and analysis functions to study the network load, 
s identify bottlenecks, and so oa 

Each link in the network may be characterised by at least one metric 
auch as the bandwidth available on the link. Some circuit -swrtohed 
communication networks such as, for example, ATM. allows management 
based on quality of service <QoS) requirements. Each new demand may 
10 cornaln a quality of service parameter indicating the amount of resources the 
calling user requires for the communication he wants to establish. A typical 
resource that may be requested would be, for instance, the bandwidth: a caller 
in an ATM network can request establishment of a connection with at least 
64Kbit/second for instance. However, in order to support a wide range of 
15 applications, new routing protocols may use quality ot service parameters 
defined with, multiple metrics such as bandwidth, delay and loss probability. 
Zheng Wang and Jon Crowcroft describe In " Quallty-of-Service Routing for 
Supnort'rtO Multimedia Applications ". IEEE Journal on Selected Af&as in 
Communications, vol. 14, n* 7. p. 1220, September 1996, a strategy to find a 
path satisfying several requirements. For instance, this method allows a path to 
be found with maximum bottleneck bandwidth (the widest path), and when there 
are more than one widest path, the one with the shortest propagation delay. 

The central platform usually comprises an electronic memory storing 
Rome form of representation of the state of the network at the time considered. 
This representation usually includes information about the topology of the 
network, i.e., a list of nodes and links Interconnecting those nodes. The 
representation stored in said memory usually also contains some information 
about circuits already established across the network and, in some cases, 
about demands for establishing new circuits armss the network. 



20 



25 



10 



In a centrally managed network, the central management platform is 
usually responsible for routing demands, i.e.. for determining a route across the 
network for each new demand. The efficiency of the routing means, i its 
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ability to find a * good » route for most new demands, depends not only on the 
routing algorithm used, but also on the stored representation of the slate of the 
network. For very big networks, it becomes no longer possible to store and 
update in the RAM of the management platform a complete representation of 

5 the network and to work in rp^i trma on it It may he poAsitate to reduce the size 
of said i epiesenlation by aggregating al leasl some subnetworks in single 
nodes. However, if said representation is incomplete, the routing means are 
likely not to be able to find a good route. Even if it is possible to work on a 
complete representation of the network, the time needed by the routing means 

io to find a circuit through a huge amount of nodes may become no longer 

acceptable, in otner words, there is a trade-off between the size of the network 
and the admissible time for finding a rtn/te fnr new demands 

In most communication networks, the price of a communication is 
computed based on the connection duration only (Internet), on connection and 

is bandwidth (some Internet providers), or on duration, time of the day and 

distance (telephone network). Network* with a dynamic pricing policy have also 
been expenmented with: in this case, the price of a connection through a link 
depends on the resources available on that link. In a centrally managed 
network, the price for a new oximrnur ligation may be computed by the central 

20 management platform based on its knowledge of the state of the network at 
time t Dynamic price procedures therefore also require tho central platform to 
store at least some form of representation of the network's state or topology. 

Network planning tools are used for analysing the behaviour of an 
existing network <and/or planning the construction of a new network or the 

a moUiflcalion (extension) of an existing network. They may use a network 
simulator for generating the expected demands, or import them from, e.g., 
measurement tools. Thoy can be used as etand alone devices or may be 
connected to an existing network. Network planning tools usually use a memory 
to store a representation of the topology of the network Thft operator can then 

30 observe the behaviour of the netwuik in order to plan improvements to the 
network. Working on a complete representation of very big networks need 
however huge memories and very expensive computers to be performed in a 
reasonable time. Network planning tools therefore sometimes use a 
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summarised representation of the network with subnetworks aggregated in a 
single node. This summarised representation may however hide bottlenecks 
insido aggregated subnetworks. Moreover, it may be difficult even for an 
experienced operator to point out problems which may occur in a network, 
5 specially in a network containing thousands or even millions of nodes. 

Routing means, price procedure determination means and network 
planning tools therefore all need to store and/or work on some form of dynamic 
representation of the state of the network. When the size of the network grows, 
the size of its representation grows aooordingly, and it becomes difficult to work 
io on such a big representation. 

One technical problem the Invention wishes to solve is to find an 
improved method of management of demands and resources in a centrally 
managed circuit-switched communication network that uses an improved 
representation of the state of the network- In particular, one technical problem 
the invention aims to solve is to find an improved routing method and an 
improved pricing method One other technical problem me invention aims to 
solve is to find an improved network planning method which can be distributed 
or performed on a central management platform in a centrally managed circuit- 
switcheri rommunication and/or on a stand-alone general purpose computer, 
whef win the improved network planning method uses an improved 
re p resen tation of the state of the network. 



15 



20 



In order to manage big networks, rl has been proposed that network 
management functions be distributed tn local agents, each local agent being 
responsible for a limited subset of nodes in tlie network- A node requesting 

m establishment of a new connection may ask its local master to find a route and 
determine the price of the connection. Agents co-operate to ensure routing 
through the whole network. The structure of agents is hierarchised: higher-level 
agents arbrtrato disputes between peer agents which cannot be solved 
otherwise. A local agent may tor instance try to find a path across the network 

30 based upon the requested quality of service and its knowledge of the network 
state; tf it falls, or if the destination node dues nol belong to the subset it rules, 
the local agent may ask a higher-level agent to solve the problem. This 
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distributed management needs at least some signalling protocols to be 
established between local agents. For instance, information about UnK metrics 
and about the state of particular nodes must be shared between local agents. 

Such a distributed management is described by Anthony Alles of 
> Cisco Systems. Inc, in - ATM InterneNvwklng May 1995. General information 
about management of demands and resources in an ATM network are given by 
David E. McDysan and Darren L. Spohn in " ATM Theory and Application 
McGraw-Hill Series on Computer Communications, 1994. ISBN 
Ferial Somers of Ericsson Applied Laboratory in Network Management 
io describes in " HYBRID: Intelligent Agents for Distributed ATM Netwmk 

Management " an ATM network managed by a hierarchy of distributed agents. 
Each agent manage* resources and demands in an arbitrarily and statically 
defined subnetwork, in most cases an administrative domain of some kind. For 
instance, © university could be managed ee follows: an agent is in charge in 
15 each lab, whereas other agents each oversee a department and a single one 
rules th$ university. 

It would not be possible for every local agent in a very big network 
with distributed management to store a complete representation of the state of 
the complete network. For that reason, the representation of the state of the 
20 network in each local agent and in the signalling messages transmitted 

between local agents is sometimes summarised by replacing aggregated sets 
of nodes by a single node. 

One technical problem the invention wishes to solve is thus to find r 
an improved distributed method of management of demands and resources in a 
25 circuit-switched communication network that uses an improved representation 
of the state of the network. 

One other problem the invention wishes tn solve is to find an 
improved hierarchy of distributed agents fur managing a circuit-switched 
communication network. 
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The present invention generally seeks to provide on improved 
method of management of demands and resources in a circuit-switched 
communication network. The present invention also seeks to provide an 
improved routing method, an Improved pricing method and an improved 

s network planning method in a circuit-switched communication network with 
central oi distributed management Furthermore, the present Invention seeks to 
provide an improved device which can be used as a (terminal or 
communication) node in a circuit-switched communication network such as an 
ATM network. The present invention is also directed to apparatus tor carrying 

io out the disclosed methods, including apparatus parts for performing each 
described method atep, ba it byway of hardware components, a computer 
programmed by appropriate software, or by any combination of the two. or in 
anyuthei manner. 

According to various aspects of the present invention, these 
15 improvements follow from the features of the characterising part of the 
independent claims. 

As one skilled in the art will recognise, these improvements will 
result in a technically improved functioning of the circuit-switched 
communication network, in particular a faster and better routing of new 
20 demands, an improved use of resources and a better pricing. 

More specifically, these improvements follow from a new method for 
summarising the resources available in a network The method consist in 
grouping, at least some of the terminal nodes and the communication nodes of 
said network inio a plurality of B-blocking islands, each D-blocking island 
25 consisting of a maximal set of nodes linked in a such a way that at least a route 
with at least en amount B of one concave resource exists between any pair of 
nodes in the set at the time t. 

The present invention will be explained in more detail, by way of 
example, with reference to the drawings in which: 



30 



Figure 1 is an example of a simple ATM-network; 
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Figure 2 is a demand graph summarising all the demands in the 
network of Figure 1 at a time t; 

Figure 3a is a representation of the network of Figure 1 showing the 
available bandwidth on each link at the lime considered and 128K-btocking 
5 islands showed with ovals depicted In broken lines; 

Figure 3b is a summarised representation of the network of Figure 
3a, with the set of nodes in each 128K-blocking island aggregated in a single 
node; 

Figure 4a-4d are four levels of a hierarchical representation of a 
to communication network; 

Figure 5 is a flowchart Illustrating the steps executed by a device for 
carrying out the method of the present invention; 

Figure 6 is a perspective view ot an apparatus used for carrying out 
a centralised management method according to the present inventing and 

15 Figure 7 is a hardware block diagram of the apparatus of Figure 6. 

Figure 1 shows a communication network composed of 
communication nodes 10, such as switches or gateways, and terminal nodes 
such as computers 201, phone sets 202, file servers 203, video cameras 204 
and so on. Communication nodes *nd terminal nodes are interconnected with 
20 communication links h. The links l t cwmpornl tu bidirectional communication 
media. Each link h is characterised by its bandwidth B. typically measured in 
bits/second, and other properties such as delay ([ms]), delay jitter and cell loss 
rate. The link bandwidths are given in brackets near each link on Figure 1. 

For the sake of simplification, we will consider In the following only 
25 the backbone network 1 (consisting only of communication nodes and links 
between them), and exclude from the other figures and from the summarised 
representation of the network the access network (consisting of terminal nodes 
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and their links to communication nodes). The method of the invention can 
however be extended without any difficulties to the representation of a 
complete network, Including terminal nodes, communication nodes and links 
Detween them. Such a complete representation may be useful In particular If 
5 terminal nodes are conned fid tn multiple networks (for instance a computer 
Simultaneously connected to a company local network and to Internet) and 
therefore can act also as communication nodes (albeit at a different network 
layer). 

In the following the description uriH concern more specifically the 
10 particular case of an ATM network. The invention can however be applied to 
any kind of circuit-switched communication network. 

Figure 6 is a perspective view of some elements of an ATM network 
vytVich can be specially configured to perform the claimed method. A switch 10 
includes an ATM switching board 100 and a computer 1 01 for controlling the 

15 operations .of the switching board 100. The computer 101. also shown in Figure 
7, includes a keyboard 1010, a main unit 1012, a storage device reader sucn 
as a CD-ROM drive 1 01 3 and a display 1 014. The main unit 1012 comprises a 
CPU 1016, a ROM 1017, a RAM 1018. a hard disk 1020 t and an interface 1021 
specially adapted to conned the programmable apparatus 1 01 to the ATM 

20 switching board 1 0O or directly to the ATM network 1 . The computer 1 01 is 
specially configured by executing the software stored on the CD-ROM 1011 or 
on the hard diek 1020 to control the ATM switching board 100 in the claimed 
manner. The ATM switcn 1 0 is connected to other switches and/or to other 
computers or terminal nodes in the ATM network by links h. for instance by low 

2> speed copper lines 120, by satellites 1 30 or other wireless transmission 
systems, by optical fibres (not shown) or by virtual links (not shown). 

The network 1 must fulfil demands for communications between 
nodes, e.g., phone calls, video conferencing, video on demand, etc. A demand 
d k can be defined by the nodes xw and y k between which communication is 
30 required to take place <the demand's endpoints). and by a parameter 

describing a quality of service requirement (QoS). In the following part of the 
description, we will consider the case where B„ depends only on the amount of 
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bandwidth requested. The parameter B k can be a constant number, for constant 
bit rate connections (CBR), or a function of time for variable bit rate 
connection* (VBR> or Temporal CBR (TCBR). For the moment, we will only 
consider trie case where Bk Is constant 

Figure 2 shows all the demands d* arising in the network 1 at a given 
time t For instance. Figure 2 shows the* there is demand 4, for establishing a 
connection between the nodes F and G with a minimum bandwidth of 64k 
bits/second. 

In order to satisfy a demand dk, a circuit must be allocated between 
the endpoints x, and y*of the demand. This circuit must take a rout© that 
satisfies the demand's quality of service requirement A route is a simple path 
across the network and thus a set of links. The route computation is ensured by 
a routing algorithm executed by centralised or distributed routing means. The 
routing problem Is to find one and only one route tor each demand satisfying 
the requested quality of service (bandwidth), and includes to minimise resource 
utilisation. The routing algorithm must then find for each demand arising in the 
network a route so that each link and each node of this route has enough 
available bandwidth to support the demand. 

Various approaches are possibla for routing a connection through 
the network. Hop-by-hop routing is used by most current network layer 
protocols such as Internet Protocol, where a packet is routed at any given node 
only to another node closer to the final destination. In source routing, the initial 
node in the path determines the entire route to the final destination. The P-NNI 
protocol uses a hierarchy of agents which are responsible for routing. The 
network representation method of the invention however is independent of the 
routing method and can provide benefits to most routing algorithms. 

Once a route has been found, the resources needed along this route 
are reserved. Tnis process is called establishment of the circuit. Depending on 
the network technology, either exactly the required bandwidth must be 
reserved, or at least as many resources as required have to be allocated (e.g., 
in Time Division Multiplexing networks). 
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In general, demands do not arise all simultaneously in a 
communication network. Furthermore the arrival time of the demands is usually 
not known in advance. The demands must thus be routed as they arrive. 
Allocating routes for the first demands has an impact on the routing or the 

, following demands since the former use up some resources that are therefore 
not available anymore to the latter. The first established circuits may then 
cause the routing of additional demands to be impossible. The number and 
requirements of tho future incoming demands are generally unknown and 
therefore there Is no way to optimise the allocation in order to ensure that all 

10 demands can be routed- Rerouting demands and load balancing thus have to 
be considered. 

The network management method of the present invention 
comprises a step of clustering nodes of the network in dynamically defined 
subsets, called 6-blocking islands. This grouping can for instance be made in 

is the representation of the network in the RAM 1018 or on the hard disk 1020 of 
a communication node 10 of the network. For instance, the storing means 
1018, 1 020 can store for each node of the network a parameter indicating 
which Blocking island it belongs to. Other ways of organising a set of nodes 
in subset* in an electronic memory can easily be imagined by one skilled in the 

20 art of programming. In a various embodiment that will be discussed later, each 
blocking island corresponds to a subset of nodaa in the network assigned to 
one distributed agent in a network with distnbuted management. This rnetnod of 
grouping nodes will be used, as we will see, to simplify and improve routing of 
demands, pricing, analysing and various other management tasks in a circuit- 

25 switched communication network. 

According to the present invention, the nodes In the network are 
clustered In sets of nodes, colled B-blocking islands, linked in a such a way 
that at least one route with at least an amount B ot available concave resources 
exists between any pair of nodes In the set at the timet. Ths B-hlor.kinrj islands 
30 are maximal in term of nodes, i.e., no node outside any B-blocking island exists 
that can be reached from said B-blocking island with an amount B of concave 
resources. 
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Figure 3a shows the 128K-btocking island et time tfor each node of 
the network of Figure 1 . The number in brackets near each link on Figure 3a 
gives the available bandwidth on that link at time t. For instance, 273 
Kbits/second are available on link l, between nodes A and B. Each blocking 

5 island N1 , N2, N3 is shown wfth ovals depicted in broken lines. There is at 
least one available route at time t between each node inside each 128K- 
bloddno island with at least 128K available bandwidth. However, there may be 
a link k with less than D available resources inaide a B-blocking island. In such 
a case. K simply means that there is another route with B available resources 

io between l,'s endpoints. As a matter of fact, in Figure 3a, the link U between 
nodes A and C3 has both endpoints in the same i28K-b locking Island N1 but 
has [ess than 128K bite/second available There ift however a route from A to G 
through B with 133 K bits/second available. 

We can see immediately from the definition of the B-blocking Islands 
is that there is one and only one B-blocking island for each node x in the network 
(in some cases, this B-blocking island comprise only the node x). Moreover, it 
is possible to show that there is a route between two nodes x and y satisfying 
the B resources requirement of an unallocated demand If and only if the two 
endpoints x and y are in the same B-blocking island The links of any route 
7A between x and y with B available resources are all in the B-blocking island of 

its endpoints x: and v. 

We will see how those advantageous properties of blocking islands 
will be used to simplify and improve various management tasks In a circuit- 
switched commnniration network. 



75 



30 



Figure 3b shows a summarised representation of the (backbone) 
network of Figure 1 at time t, wherein each 128K blocking island is clustered 
into a single node. For instance the nodes A B and G which all belong to the 
blocking island N1 are replaced in tho summarised representation of Figure 3b 
by a single node Nl. The nodes in the representation of Figure 3b are linked by 
B-links 1 1 . 1 ?. 1.3. As in a circuit-switched communication network, each 
communication lakes only one route, the available bandwidth of a B-link 
between two B-blocking islands is the maximum of the available bandwidth of 
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all the rinks between those B-blocking Islands in the representation of figure 
3a. For instance, the available bandwidth of the B-link L 3 between the 128K- 
Wocking islands N1 and N3 is 56K bits/second, the maximum available 
bandwidtn on the linKs l 6 , h between the blocking islands N1 and N3 in Figure 
5 3a. 

We can see that the summarisation erf the representation of network 
used in Figure 3b is not limited to clustering nodes; network links that have 
both endpoints In the same B-blocking island are not shown, and only (critical) 
B-links between 6 blocking island aro represented. This representation is thus 

10 very simplified and will take up very little space In a memory or very little time to 
transmit compared to the representation of the complete graph used for Figure 
3a. Still, the representation of Figure 3a gives immediately very useful 
Information as it identifies all pairs of nodes between which a demand requiring 
B resources can be allocated: any pair of nodes that are in the same B- 

15 blocking island. Conversely, if two network nodes are not in the same B- 

blocking island, there is no route between them that has B available resources. 

In many cases however, thf* rantral network management platform 
still needs to store a complete implementation of the network for various tasks. 
This complete representation can for most operations be stored in a slow and 
20 inexpensive memory, such as a herd disk, while the management platform 
performs most tasks using only a summarised representation of the network 
loaded in the RAM. In this case, the method of the invention allows tiding 
(total) memory space against execution time. 

The B-bloukii ig island N for a given node x of a network can be 
25 obtained with a simple greedy algorithm, called the B-blocking Island search 
BIS. Starting with an initial set of nodes N = {x}, we recursively add every nodo 
to N that can be reached by a link that has at least B available resources. 
When no more nodes can bo added, N is th* B-blocking island sought 

The B-blocking island representation of a complete network can be 
30 built by first computing all the B-blocking islands, until each node belongs to 
one B-blocking Island. The B-links between B-blocking islands are then 
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obtained by iteration over all the links joining two distinct B-blocking islands: if 
there is already a B-link L between the B-blocking islands of the endpoints of a 
link I, then the maximum available bandwidth is recomputed if the available 
Dandwtdtn over i is bigger than the maximum available Bandwidth for L. 
5 Otherwise, if no B-link exists between the two B-WockinQ islands, a new B-link 
is created and its maximum available bandwidth is the available bandwidth over 
I. 

We see from the preceding that if two points x and y are in the same 
B-blocking island then there is at least on* route with B available resources 

10 between x and y. I he corollary is that when one and only one endpolnt x Is In a 
©-blocking island, than a demand requesting B resources between x and y can 
not be satisfied: theie is no rouLe with B available resources between x and y f 
otherwise x and y would be in the same B-blocking island. We call a B-blocking 
island that contafns one and only one endpoint x for on unallocated demand d 

15 a primary B-blocking island. We will see later that primary blocking islands are 
very useful for explaining allocation failures for instance in network planning 
tools. The primary blocking island for a demand d can easily t>e found by 
executing the B-blocking island search algorithm with the correct arguments, 
that is with the network gcoph, the eslablished circuits, the bandwidth 

20 requirement of d and one of d's endpoints. 

A B-btocking island representation such as the example of Figure 3 
presents only the Brinks L1, L2. L3 for a given B. These B-links cannot support 
a demand requiring 3 or more bandwidth. It would be useful however to know 
the bottlenecks for different Bs. e.g.. for typical possible bandwidth 

zs requirements. A possible but costly solution is to compute and store a separate 
blocking island representation for each requirement B. According to a preferred 
embodiment of the present invention, a recursive decomposition of Bi-bfocking 
islands in decreasing order of B« Is built Bi>b 2 >..>^-^- This method is 
explained in Figure 4 for bandwidth requirements B, = ("maximal spfipsri". 64K, 

30 19.2K, OK}. Figure 4a shows a representation of a complete circuit-switched 
communication network 1. The number in brackets near each link shows the 
available bandwidlh at the time t considered. Figure 4b shows the next (higher) 
level of the hierarchy of Brblocking-island representations: all the nodes of the 
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network linked in a such a way that at least a route with at laact an amount 
Bf=G4 Kbits/second exists between any pair of nodes in the set at tine time t are 
clustered in 64K-blocking islands N1-N5. Figure 4c shows a representation 
computed airectly from the 64K-r epresentsti on or Figure 4b: the 54K-blockjng 
s islands are themselves clustered in 19.2K-blockinQ islands. For instance, tha 
64K blocking Islands N1 and N5 in the representation of Figure 4b are joined 
by a link with 32K available bandwidth: in the 19.2K representation of Figure 
4c, they are therefore eluarterod into one 19.2K blocking island N6. Figure 4d 
show the zero K representation of the network: since all nodes in this network 

io are connected, there is at least one route between each node of the network 
with at least zero K available bandwidth. This highest level of representation 
therefore clusters ihe whole network into one node N9. Each level of the 
blocking island hieraiuhy is computed from the lower level with the same 
algorithm used for building the first level of the hierarchy from the nodes of the 

15 networks. 

In most networks, only a limited amount of predetermined bandwidth 
requirements are used, for instance, 9.6 Kblts/s for a phone call. A blockii >g 
island hierarchy wilt preferably he built with those most common predetermined 
bandwidth requirements, for example Bi=128K B 2 =G4K, B 3 « 20,8k, D 4 -14,4K, 
B 5 =9.6K B«=2.4K and B 7 =0K The set of Bi values anchor the number of levels 
in the blooking \s\end hiorarchy could also chants dynamically according to 
new bandwidth requirements. 

Figure 5 Is a flow-on art Indicating the main steps carried out by a 
central management platform (which may be implemented by the device 10 
25 illustrated in Figure 6), performing the routing method of the invention. The 
method starts with step 200 (initialisation at network boot). The routing device 
then gets information about the topology of at least a part of the network it is 
responsible for (step 201 ), i.e., receives and stores a list of nodes and links 
interconnecting those nodes. This information can he* entered by an Operator 
30 on tne keyboard 1010, transmitted via the network and the interface 1021 from 
other connected devices, or entered from a graphical network editor or from a 
network discovery tool. The processing unit 1 012 then computes a summarised 
representation of the network with one or more level of B-blocking islands (step 
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202), and stores this blocking island hierarchy representation on o storing 
device such as a memory or a hard disk (step 203). 

The routing device then receives a new demand d Tor 
interconnecting two nortec x *and y in the np.twnrk 1 with a requested quality of 

5 service B r (step 204). At step 205, the routing device checks if a route exists for 
d In the network This check is very easy to carry out: a route exists if and only 
if the two endpoints x and y are in the same B-blocking island at a level B of the 
representation stored, with B>=Br- For instance, in the example of Figure 4, the 
routing device can immediately determine that a route with a requested 

10 bandwidih B r = 64 Kbit/second exists between the endpoints A and C, as those 
nodes both belong to the same 64K-blocking island N1 stored (n thft B=64K 
representation of the network, tf no route exists, the demand is rejected at step 
206 (we will see later that the method of the invention provides for easy 
explanation of those allocations failures). If a route exists, the routing device 

is can use any known QoS routing algorithm to take also in account the other 
QoS parameters (e.g., delay) to find a route (step 207). 

We have «*en abnve that ff a route exists for a demand requesting a 
bandwidth B r , then bill If w links of that route belong the B-blocking island 
containing the endpoints of that demand, with B*B r . The search space for the 

20 routing algorithm used at step 207 can thus be reduced to tho subnetwork 
summarised by the B-blocking island containing the two endpoints of the 
demand. Even bettor, the s&arch space of the routing algorithm should be set 
to the B-blocking island containing the two endpoints for the demand with the 
gr^test R (B>Br) in the blocking island hierarchy to restrict it even more. For 

23 instance, in Figure 4, the search space for a demand requesting a bandwidth T 
Br=19.2 Kbits/second between a and c should be confined to the 64K-blocking 
island N1 (instead of the 19,2K-blockina island N6) since a and c belong to tho 
same 64K-blocking island N1 . This choice has two beneficial side effects: the 
mor© tho search spaco is reduced, the fewer alternative routes there are 

30 available, thus facilitating the choice of a route; It also achieves a good 
balancing effect because the lower the level of the ^-blocking island in the 
hierarchy (i.e., the higher the B;), the more available bandwidth there is on the 

links it dusters. * 
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Even in a low-level Br-blocking-island, it can happen that more than 
one route exists between two nodes x and y. The "best" route among those 
found by the routing algorithm at step 207 is chosen during step 20B (note that 
this choice can only be a best guess because the router cannot predict the 
s future demands). The best route among the possible ones can be chosen with 
the lef rgth criterion (the fewer links in the route, the fewer resources used} and 
with other requested properties forth© quality of service (delay, delay jitter, 
etc.). The representation of the network summarised In brooking islands in the 
storing means gives however new means to decide upon the "best'' route. We 

10 know that the higher a link appears in the hierarchy of representations, the 
more bandvAndth-critical it is. Comparison of two routes can then be based on 
the criticatnefts of their links, or at which level in the hierarchy each route 
appears. Another way to compare routes during step 206 is to analyse the 
consequences each route has on the blocking island hierarchical 

15 representation. The best route is the route that causes the fewer splits of 

blocking islands. Comparison of two routes can atso be based on another QoS 
parameters : in this caea, the blocking island hierarchy acts as a first filter. One 
could also Duild a blocking island hierarchy for bandwidth and another for 
another s*»rviCA caracteristic, for example cell loss rate. Both can then filter in 

2U parallel. 

When the "best" route has been chosen, the circuit can be 
established for that demand, i.e., the requested resources are reserved on 
each link between x and y along the chosen route (step 209). 

Once the circuit has been established for the demand, the blocking 
25 island hierarchy stored in a memory during step 203 needs to be adapted. In 
particular, the available resources on the linKs that compose the route must be 
fewer. This adaptation is made during step 210. We will see that the blocking 
island hierarchy needs also to be adapted or maintained on various other 
occasions, especially when a circuit has been deallocated 

3o The diminishment of the available resources on a link I may cause 

the splitting of a B-biocking island containing I into two separate B-blocking 
islands. For each link ( over which the demand was routed, the device checks if 
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the additional load causes e blocking-island to be split, i.e., if a route with at 
j ea5 t 8n amount B of resources does not exist anymore between any pair of 
nodes in the blocking island after the allocation of resources. Note that if a 
splitting is required at ievel B t of the blocking island hierarchy, a splitting will 
also be required at each previous level B a > Bt. rf it rs not «lready the case. 

The method used for updating the blocking island hierarchy after 
establishment of a new circuit is thus the following: 

The device first computes for each link I over which the demand was 
routed the lowest level B, at which the link i is hidden in a blocking island. At 
the preceding level B^, the link appears in the summarised representation. 
Therefore, if splittings have to be done, the fin>t one will occur at B f . The device 
then checks if a splitting is required. This is the case if. and only if. the link I 
has fewer than B» resources available after the new allocation, and if there is no 
other route between the endpoints of I that has at least B. resources available. 
If splitting has to bo done, the device Splits the B t blocking island into two B ; 
blocking islands and computes the new links Derween the two new B* blocking 
islands. Splitting at the next hierarchical level is then conducted rf required 

There are other circumstances where the representation of the state 
of the network must be adapted. Communication a code arise and disappear, 
and therefore new circuits must be established and existing ones deallocated. 
Moreover, a link rnay breakdown, or th© characteristics of a link can be 
improved, leading to more available resources, or even the network topology 
can chano ft , for instance when adding a new link. These changes in resource 
availability musl be taken in account by adapting the blocking island 
representation stored. According to the invention, the blocking island hierarchy 
can be adapted dynamically without recomputing it from scratch. 

When an established circuit has to be deallocated because the 
connection is no longer needed, resources are freed on the links over which 
the circuit is routed, if enough resources have been freed on a link I joining two 
B-blocktng inlands to allow a new demand with B bandwidth requirement to be 
routed over I. the two B-blocking islands must be merged. Therefore, the 
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deallocation of a circuit can lead to merging of two blocking islands at each 
level of the blocking island hierarchy and for each link over which the demand 
is routed. 

A method for updating the blocking island hierarchy after 
s deallocation of an established circuit would be, for instance: 

During a first step, the dc>/lcc computes for each link over which the 
demand was routed the lowest level in the hierarchy of Mocking islands where 
two blocking islands must be merged. This is the biggft5rt bandwidth 
requirement B that I can satisfy, given the remaining sstatolished circuits. 
10 Merging of the two B-blocking islands containing each endpoint of the link I is 
then done if, and only if, 0 is non-zero and if the link 1 is not already clustered 
in a B-biocking island. Merging is then done recursively at each next level (if 
not already accomplished). 

Other special events that may occur in a communication network and 
15 nave an effect on the blocking Island hierarchy include: 

-Rerouting of demancb. The procedure to apply in that caso is to 
deallocate the old circuit and add the new one. In that case, the blocking island 
hierarchy stored in the device helps In solving the rerouting of a demand 
problem: it reduces the search space to the B-blocking island of the demand's 
20 endpoint. Additionally, as explained, it provides valuable evaluation criteria for 
choosing between alternative routes. 

-Link failure or link removal can be processed similarly to circuit 
addition: there are no available resources on the link. All established circuits 
using that link are down and must be removed. 

25 -When altering the properties of a link, two cases must be 

considered: either the link's bandwidth resources have been increased or 
diminished. The former is the same as if a connection has been removed, and 
the latter is the same as rf a new one haa been established. 
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.When adding a link, a circuit removal-like procedure is applied: It Is 
the same as if a circuit is removed on a link which had no available resources 
before. 

-Noria failure or noda remnval implies also tha removal of all links 
the node is cur meded to. The node must be removed from all Ihe blocking 
islands it belongs to and link removal treated as specified above. 

-Node addition makes sense only when at least a link connecting it 
to other nodes is added. A new blocking island must be created at aaeh lev/el of 
the hierarchy, and link addition can then be conducled as explained above. 

As aheudy suygesled, Ihe computing and storing or a summarised 
representation of a network with blocking islands allows for easily finding the 
criticsllinks of the netyrarlc This property can bo used for rerouting 
connections. As already explained, links joining blocking islands are more 
critical than links inside blocking islands, specially at higher levels .n the 
hierarchy of blocking islands. Therefore, a connection Between two endpcints 
that use mors critical links at level B, of the hierarchy than necessary (zig-zag 
connection*) should be rerouted. For instance, on Figure 3a, a connection 
between G and 5 via the nodes F and E use the two critical links l 6 and l c 
between the blocking islands N1 and N3 ; this connection should be rerouted 
such as to use only the non-cntical link IV, or possibly via the non-critical links 
I, and I* in order to free up resources on the critical links. This « zig-zag 
reduction » rerouting method can be used loi instance in a central 
management platform or in a stand-alone network planning tool. 

The higher a link appears as a link joining two blocking Islands in the 
25 hierarchy, the mora critical it is. and the more expensive it should be to use. 
According to another aspect of the invention, tnis information Is used for 
determining tha price of a communication using that link, possibly In 
conjunction wilh other parameters such as duration, time, bandwidth, distance 
and quality of service requirement. Pricing then obeys supply and demand-like 
30 laws. 
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This method has the advantage that the? price & really baaed on the 
crfticalness of a link, not on the available bandwidth: a link I with low available 
bandwidth (even 0) is not a critical link if there is a route with plenty of available 
i tssuurces on other routes between the endpoints Of I. 

3 According to still another aspect of the present invention, a blocking 

island hierarchy is used and/or established in a network planning tool to design 
a now communication network or analyse and modify an existing one. The 
network planning tool can be implemented by a general purpose computer such 
as the computer 101 illustrated in Figure 5, specially configured by executing 

10 soriware stored on a compuler-usable medium. The pioyrarn code instructions 
stored on a floppy disc, on a hard disk or on a CD-ROM 101 1 are read by an 
appropriate driver 1013. The instructions are transferred to the RAM and 
executed by the CPU of the computer. 

The program code instructions cause the CPU to prompt the user to 
is «nter a description of the tnpolngy of the network The rtefttriprinn mn h« 
eciteied via the keyboard 1010 and/or with a mouse and a graphical interface. 
In a variant embodiment illustrated in Figure 6, the computer is connected to 
the circuit-switched communication network end can for instance gather 
information itself about the network's topology. 

20 Then, the program coae instructions cause tne CPU to generate or 

measure the expected demands over the network and to find routes for those 
demands by simulating the routing algorithm which is to be used. The program 
code instructions simultaneous cause the CPU to build and maintain a 
represen tation of the state of the simulated network taking in account each 

25 circuit establishment and using a DlocKing island hierarchy. Blocking islands 
are merged or split depending on the esiabtishment and deallocation of 
circuits. This representation may be stored In a dynamic memory and/or on the 
hard disk and displayed on the display 1014 of the computer. Preferably, the 
software gives the user the possibility to zoom in and out at various parts of the 

30 network and to explore the different levels of the hierarchy. 



07 APR 



'97 16= 




BOVGRD LTD-BERrHCH 03^^33^HlS9 




21 



In the case of allocation failures, i.e., if the available resources do 



not suffice to route a new demand, the representation of the network using 
blocking islands is very effective for explaining why the allocation failed. For 
instance, the representation displayed on display 101 4 can highlight the two 

3 disjoint primary blocking islands for unallocated demands (one for each 

endputnl of the demands) and the bottleneck links between those two primary 
blocking islands. This information may be used by the network operator to 
evaluate the routing algorithm which is Intended to be used, and the topology of 
the network: as bottlenecks are identified, a blocking island hierarchy provioes 

io valuable information for the network manager about where to add a new link or 
which link's resources must t>e increased In order to resolve and prevent 
annexion failures. Considering several levels in the blocking islands hierarchy 
helps tu determine the minimal number of links to add, and where to add them 
namely between blocking islands. The summarised representation with 

15 blocking islands can also be used to check rf an existing network may support 
the foreseen additional load, given a maximum threshold of rejected 
connections. 



applied to a network planning tool allows a summarised representation, using 
20 much less memory space to be extracted from an exhaustive representation of 
a network. The operator can choose the number of nodes the network planning 
tool has to display by changing the level of the hierarchy of blocking islands he 
presently looks at. Thus, the operator can directly ^ upon the working speed 
of the network simulation: a rough representation uf the stale of the network 
p.s can be quickly obtained by displaying only the highest levels of the blocking 
island hierarchy. Moreover, as already explained, the routing simulated by the 
network planning tool can be made much quicker by restricting the search 
space for the routing algorithm used to all the nodes belonging to the B- 
blo eking island containing the two endpoints of the simulated demands. 

30 According to still another aspect of the present invention, a blocking 

island hierarchy is established and used in a network planning tool for planning 
connections which must be established and resources which must be reserved 
on different links when the requirements and the arrival time of the demands 



One* skilled in the art will recognise that the method of the invention 
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are both known in advance. This may be the case for instance when a 
telecommunication user informs his network operator in advance about the 
demands he will generate at a given time. The network operator then uses a 
stand-alone network planning tool for finding a strategy for transferring the 
s requested demands using a minimal amount of resources. The network 
planning tool uses a network simulator having the same behaviour as the 
actual network for Generating the expected demands, finding routes by 
simulating the routing algorithm which is to be used, and establishing the 
circuits. Displaying the blocking island hierarchy helps to provide explanations 
lo in case of allocation failures and information annul where to increase resources 
or when to reroute connections in order to transfer ail the requested demands 
with a minimal amount of resources. Considering several layers In the blocking 
island hierarchy helps to determine the minimal number of link's resources to 
add, and where to add them : between blocking islands. . 

The above description relates more particularly to the case of a 
centrally managed network. In order to overooWA tha increasing difficulty of 
management and planning, due to neiwoi k il may be more advantageous 
to distribute it to agents. Each blocking island is ruled by an autonomous agent, 
the blocking island leader, which is responsible for resource allocation and 
management in its domain, the blocking island. An agent is preferably 
implemented by a software module or program code executed by a 
programmable apparatus embedded in one of me nodes Inside the ruled 
blocking Island Fa^h agent is ruled by one higher level agent (his "father") 
ruling ovt?i y blocking island on the next layer of the blocking island hierarchy. 
The top level leader, responsible for the zero K blocking island, is then the 
highest agent in charge. 

The construction of the blocking island hierarchy at network boot can 
be distributed. The top leader first computes a blocking Island representation 
for the smallest bandwidth requirement, and then creates a child agent ruling 
•3u ov« each blocking island created. These child agents can be created and 
distributed for instance by techniques well known. Each child agent then 
divides his domain according to the next smallest bandwidth requirement This 
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is done recursively until agents for the biggest bandwidth requirement are 
established. 

Circuit estawisnmg is effectively managed by the agents. When a 
new demand arises, issued by a network node x which nefids to communicate 
5 with another node y at B bits/second, x asks hts direct leader to establish thai 
connection. The leader passes on the demand to its own leader, until the 
leader at B level is reached (B-leader). The latter is then responsible for 
establishing a circuit for the new demand, that is. for finding a route satisfying 
the requested quality of service constraint and for reserving the required 
to resources along the chosen route. The B-ieader does not have to communicate 
with peer agents in order to negotiate resources because any route satisfying 
the new demand uses only resources lie is lessponsible for. The B-Jeader may 
however communicate with subordinate agents when finding a route. Circuit 
deallocation and rerouting will be conducted in a similar manner. 

13 One 3k«Hed in the art will recognise that the domain ruled by the 

distributed agents reflects the current resource availability: an agent leading a 
B-blocking island can allocate B bandwidth between any two nodes In Its 
blocking Island. As a result, little co-opeiation and negotiation between agents 
is required. 

20 According to another aspect of the present invention, pricing can 

also be managed by the distribution agent hierarchy. In thie case, the price of a 
communication may depend on the hierarchical level of the agents mobilised 
for establishing the communication. 

The preceding description relates more particularly to the special 
23 case of point-to-point demands. The present invention however can also be 
used for routing, pricing and planning of multipoint demands, i.e., demands that 
require data exchange between more than two nodes, Such as television or 
video-conferencing between more than two people. A multipoint demand can 
be routed if, and only if, all its endpoints are in the same blocking Island for the 
30 requested amount of resouices. 
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Up to now. demands were supposed to require a constant amount of 
bandwidth over time. The method of the invention however also applies to 
managing and allocating other resources. In fact, the method can be used for 
managing any concave metric u, wherein a metric j-i for a linK I is said to be 
concave if fnr any path p over the links {U,...h I*}. u(p) = min j±0i) 



Moreover, the invention applies to demands with bandwidth 
requirement B(t) that vary over time (variable bit rate, VBR connections, or 
Temporal CBR, TBCR). This is typically the case when Internet surf ing, tor 
instance: wtien loading a page on th& world wide web, data must be transferred 
at a maximal speed; however, when reading that page, the connection Is idle. 
Such a variable bit rate connection may be approximated by a constant bit rate 
connection, where the constant bandwidth requirement is the highest peak, and 
a circuit can be established with that bandwidth. However, a lot of resources 
are wasted that way. It is therefore much bettor to establish a variable bit rate 
connection at the price of more complex connection admission controls (CACs). 
Martin de Pry eke r describes in Asynchronous Transfer Mod&: Solution for 
Broadband ISDN, Prentice Hail, 3rd edition, 1995, a method for establishing a 
variable bit rate connection in an ATM network 

We say that the resources requirements Bj(t) are totally ordered if, 
for any Bi(t), Bj(t) t there is cither a relation Bi(t)<- Bj(t) or B^t) <= B t (t). whore 
Bi(t)<= Bj(t) means that if a link t has enough available resources for a demand 
requiring B/t), lean support a demand requiring Bj(t). This is the case for 
instance when tor each pair of demands occurring in a network and for each 
time t, one demand requires less or the same amount of resources than the 
other. In this special case, the blocking island hierarchy haa the same 
properties as a blocking island hierarchy for constant bandwidth and can be 
built, managed and maintained in the same way. 

If, however, two bandwidths requirements cannot always be 
compared Independently of the established circuits on a link, we say that the 
bandwidth requirements are only partially ordered. In this case, it is easy to 
show that blocking islands may have more than one father, and be the child of 
more than one other blocking island. The blocking island hierarchy is then 
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more complicated to build, visit end exploit In fact, the blocking island 
hierarchy for partially ordered resource requirements is no longer a tree, but a 
lattice. Distributing this blocking island hierarchy ma/ require mora 
sophisticated coiiaoorarjon and negotiation protocols between agents since 
5 each agent may have several fathers; agents are not arranged in a purely 
hierarchical system. Conflict resolution is conducted by the lowest agent (hat 
supervises the agents in conflict, that lowest aqent may then not be the direct 
leader of the agents in conflict 
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Claims 

1 . Method of management in a circuit-switched communication 
network (1 ), the method being performed on. or with the aid of, at least one 
prog tor i unable device (1 0) connected to said network, characterised by the 
5 step of computing (202) and storing (203) in an electronic memory (1018, 1020) 
e representation of the network bosod on B-blocking islands (N,). each B- 
blocking island consisting of a maximal set of nodes (A-G) (inked in a such a 
way that at least one route with at least an amount B of concave resource 
exists between any pair of nodes in the set at the time t 



io 2. Method according to the preceding claim, further comprising the 

step of organising said B r blocking islands (fy) in a hierarchy, wherein the 
hierarchical position of each Bi blocking island depends on the choice of the 
value Bi used for defining said blocking island. 

3. Method according to the preceding claim, wherein said values B ( 
15 used for defining the blocking island hierarchy are predefined according to 

common resources requirements. 

4. Method according to tho preceding claim, further comprising the 
step of changing dynamically said values Bj used for defining the blocking 
island hierarchy 

20 5. Method according to one of the preceding claims, further 

comprising the step of dynamically merging at ct least one hierarchical level 
two B-blocking islands when deallocation of an established circuit in said 
network (1 ) hac freed enough resources on a link (l ; ) between said two 3- 
blocking islands (NO sucn that at least an amount B of resources is available on 

25 said link <!j). 

6. Method according to one of the preceding claims, further 
comprising the step of dynamically splitting at at least one hierarchical level a 
B-blocking island (N;) when establishment of a new circuit using at least one 
Jink between two nodes inside said B-blocking island uses too many resources 
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to allow o route with at least on amount B of resources between any pair of 
nodes inside said B-blocking island. 

7. Method according to one of the claims 2 to 6, further comprising 
the step of updating said B-blocking island hierarchy in the case of rerouting of 
demands, link failure or link removal, alteration of the properties of a link, 
adding of a link, node failure, node removal or node addition. 

8. Method according to one of the preceding claims, said method 
being a routing method for finding a path between at least two nodes (A-G) in a 
circuit-swrtcnedcximrnunlcatlon network (1) with at least an amount b of 
resources available, wherein the search of said path is confined to a B-blocking 
island comprising at least two said nodes, B being bigger than b. 

9. Routing method according to the preceding claim, further 
comprising the step of selecting the most suitable path by analysing the impact 
each path has on the structure of blocking islands hierarchy. 

1 0. Routing method according to claim 8 or 9. further comprising the 
step of selecting the most suitable path by comparing at which level of the B- 
blocking island hierarchy each route appears. 

1 1 . Routing method according to the claim 8 or 9. wherein the 
search space for a demand of the routing algorithm is reduced to the 
subnetwork summarised by the B-blocking Island with the greatest predefined B 
that contains the endpoints of said demand. 

12. Method according to one of the claims 2 to 7, said method being 
a rerouting method used for rerouting connections that use more critical links at 
level B, of the hierarchy than necessary (zig-zag connections). 

25 1 3. Melhod according to one of Irie claims 2 lo 7, said method being 

a pnee determination method used for determining the price of a 
communication, wherein said price depends at least partially on the 



20 



07 APR '97 16:30 BOVflRD L 



031/3328159 , . S. 30/45 



28 



hierarchical level of the links ft) used by the circuit established for the 
communication in said hierarchy of B-blocking islands. 

14. Method according to one of the claims 2 to 7, said method being 
a network planning method that can be used for analysing the behaviour Of an 

5 existing circuil-swilched communication network or planning th^ construction of 
a new circuit-switched communication network or the modification of an existing 
circuit-switched communication network 

15. Method according to one of the preceding claims, pa/formed on 
a central hardware and software management platform (10). 

10 16. Method accoiding to one or the claim* 1 to 14, performed by 

distributed communication and/or terminal nodes in the network. 

17. Method of management in a circuit-switched communication 
network <1> based on a hierarchy of autonomous intelligent agents, each agent 
being responsible for a set ot nodes in said circuit-switched communication 

is network, wherein higher level agent* arbitrate conflicts between peer agents, 
characterised in wuh agent is responsible for a dynamically defined set of 
nodes (Ni) consisting of nodes linked in a such a way that at least a route with 
at least en amount B of ooncavo resources exist between any pair of ncdas in 
the set at the time t, and in that the level of the agents in said hierarchy depend 

20 on the choice of the value B used for defining said set of nodes. 

1 a Method according to the preceding claim, said method being a 
routing method used for routing demands between at least two nodes in a 
circuit-switched communication network (i), comprising the following steps 
undertaken when a now demand arises issued by a network nod© x which 
25 needs to communicate with at least one other node y, an amount B of 
resources being requested for that communication: 

first the node x asks the agent responsible for the node x with the 
lowest level in the hierarchy of agents to establish a circuit for said new 
demand. 
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said agent passes on this demand to the agent at the next level In 
the hierarchy, 

until tne agent at me level B » reached, wnich then rinds a route 
between x and y and establishes the circuit 

5 19. Method according to claim 17, said method being a price 

determination method used for determining the price of a communication, 
wherein said price depends at least partially on the hierarchical level of the 
links 00 used by the circuit established for the communication in said hierarchy 
of blocking Islands. 

xu 20. Method abiding to one of the preceding claims, wherein said 

resource used for determining the nodes belonging to the same B-blocking 
island ia the bandwidth. 

21. Method according to one of the preceding cleims, wherein said 
drcuit-switcned communication network (1) Is an ATM network. 

i5 22. Use of the method of the preceding claim for a connection 

admission control function (CAC) in an ATM switch (10) T wherein the routing 
module of the connection admission control employs a blocking island 
hierarchy. 

23. Method according to one of the claims 1 to 20, wherein said 
20 circuit-switched communication network CD is a SDH network. 

24. Method according to one of the claims 1 to 20, wherein said 
circuit switched communication network (1) is a RSVP and TCP/IP network. 

?s Mftthod according to one of the claims 1 to 20, wherein said 
cir cuil-switched communication network (1) is a TDM network. 

25 26. A program storage device (1011) readable by a programmable 

apparatus (101). tangibly embodying a program of instructions executable by 
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said programmable apparatus (101) to perform the method of one of the 
preceding claims. 

27. Device <1 0) which can be used as a terminal node or as a 
communication node in a circuit-switched communication network <1). 

5 characterised by means (1016, 1018, 1020) for computing a representation of 
the network based on B-Wockmg islands (Nj), each 8-blocking island consisting 
of a maxima! set of concave nodes linked in a such a way that at least one 
route with at least an amount B or resources exists between any pair at nodes 
in the Sfit at the time t and storing means (1 01 8, 1 020) for storing said 

10 representation. 

28. Device according to the preceding claim, further comprising 
means for organising said B-bJockirvg islands (Ni) in a hierarchy, wherein the 
hierarchical position of each Si-blocking island depends on the choree nf th^ 
value B-, used for defining said blocking Island. 

j 5 28. Device according to the preceding claim, wherein e»aid values Bi 

used for defining the blocking island hierarchy are predefined according to 
common resources requirements. 

30 Device according to the preceding claim, further comprising 
means for dynamically changing said vafues B, used for defining the blocking 
20 island hierarchy. 

31. Device according to one of the claims 27 to 30, further 
comprising means for dynamically merging at at least one hierarchical level two 
H-olocking Islands (NO when deallocation of an established circuit In said 
network has freed enough resources on a link (l t ) between said two B-blocking 

25 islands such that at least an amount B of resources is available on said link (li). 

32. Device according to one of the claims 27 to 30, further 
comprising means for dynamically splitting at least one hierarchical level a b- 
blocking island when establishment of a new circuit using at least one link 
between two nodes inside said B-blocklng Island uses too many resources to 
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allow a route with at least an amount B of resources between any pair of nodes 
inside said B-blocking island. 

33 Device according to one of tie claims 27 to 32, further 
comprising means for updating said Blocking island hierarchy in the case of 
5 rerouting of d«mands, link failure or link removal, alteration of the properties of 
a link, adding of a link, node failure, node removal or node addition. 

34. Device according to one of ihe claims 27 to 33. further 
comprising routing means for finding a path between at least two nodes (A-G) 
in said circuit-switched communication network (1) with at least an amount b of 

io resources available, wherein said routing means use said storing means to 
confine the search of said path to a B-blocking island comprising at least two 
said nodes, B being bigger lhan b. 

35. Device according to the preceding claim, further comprising 
means for selecting the most suitable path by analysing the impact each path 

15 has on tne structure of the blocking islands hierai u» ly. 

36. Device according to claim 34 or 35, further comprising means for 
selecting the most suitable path by comparing at which level of the B-blocking 
island hierarchy each route appears. 

37. Device according to the claim 34 to 35. further comprising means 
*> fur reducing the search space for a demand of the routing algorithm to the 

subnetwork summarised by the B-blocking island with the greatest predefined B 
that contains the endpoints Of said demand. 

38. Device according to one of the claims 27 to 33. said device being 
a price determination device used for determining the price of a 

25 communication, wherein said price depends at least partially on the 
hierarchical level of the links (1,) used by the circuit established for the 
communication in said hierarchy of blocking islands. 
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39. Device according to one of the claims 27 to 33, said device being 
a network planning tool that can be used for analysing the behaviour at an 
existing circuit-switched communication network or planning the construction of 
a new circuit-switched communication network and the modificatiun of an 

5 exiting circuit-switched communication network. 

40. Device according to one of the claims 27 to 39 ( further 
comprising means (1021 ) to connect it to said circuit switched communication 
network (1). 

41. Device according to the preceding ciarni. being a cenlral 
m hardware and software management platform In a circuit-switched 

communication network (1 ). 

42. Device according to the claim 40, being a local terminal or 
communication node in a circuit-switched communication network (1) with 
distributed, management. 

i s 43. Device according to the preceding claim, wherein said 

distributed management is based on a hierarchy of autonomous intelligent 
agents, each agent being implemented in a local master node responsible for a 
dynamically defined set of nodes in said circuit-switched communication 
network, wherein higher level agents arbitrate conflicts between peer agents, 

20 each agent being responsible for a ciy nominally defined sat of nodes (NO 

consisting of nodes linked in a such a way that at least a route with at least an 
amount 6 of concave resources exist between any pair of nodes in the set at 
the time t, and in that the level of each egerrt in said hierarchy depends on tho 
choice of the value B used for defining said set of nodes. 

25 44. Device according to one of the claims 27 to 43, wherein said 

circuit-switched comrnunicaticn network (1) is an ATM-network, 

45. Device according to one of the claims 27 to 43, wherein said 
circuit-switched communication network (1) is a SDH network. 
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4& Device according to one of the claims 27 to 43, wherein said 
arcuit-switched communication network (1) Is a RSVP and TCP/IP network. 

47. Device according to one of the claims 27 to 43. wherein said 
drcuit-swltched commiriication network (1) is a TDM network. 

48. Device according to one of the claims 27 to 47, wherein said 
resource used for determining the nodes belonging to the same B-blocking 
island is the bandwidth. * 

49. Device which can be used as a node in a circuit-switched 
communication network, said device comprising : 

means (1021) to conned it to a circuit-switched communication 
network, and 

means for performing the method of one of the claims 1 to 25. 

50. A program storage device (1011) readable by a programmable 
device (101) which can be used as a nodo in a circuit switched communication 

15 network (1 ), tangibly embodying a program of instructions executable by the 
device of one of the claims 27 to 49 to perform the method of ona of the claims 
1 to 25. 

51. Circuit-switched communication network (1) comprising et least 
one device (10) according to one of the claims 27 to 50. 

20 52. Planning method for circuit-switched communication network (1 ), 

tho method being performed on or with the aid of at least a programmable 
device (101) storing a representation of said netwurk, characterised by the step 
of computing and storing in an electronic memory (101B, 1020) a 
representation of the network (1 ) based on B-WocWng islands (Nl), each B 

25 blocking island consisting of a maximal set of nodes linked in a such a way that 
at least a route with at least an amount B of concave resources exist between 
any pair ot nodes in the set 
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53. Planning method according to the preceding claim, further 
comprising the step of organising said B-blocking islands In a hierarchy, 
wherein the hierarchical position of each B-blocking island depends on the 
choice uf the value B used for defining said B-blocking island 



5 54. Planning method according to one* of the claims 52 to 53, further 

comprising the step of graphically displaying on a display (1014) connected to 
said programmable devico (101) a summarised representation of said network. 

Hfi Planning method according to the preceding claim, further 
comprising the step of graphically highlighting on said display (1014) critical 
10 links between said blocking islands. 

56. A program storage device (1011) readable, by a computer, 
enooded with data representing a computer program, tangibly embodying a 
program ol instructions executable by said computer to perform the method of 
one of the Claims 5? to 55 

15 67. Network planning tool (101 ) that can be used for analysing the 

behaviour of an existing circuit switched communication network (1 ) and/or for 
planning modification of an existing network, said network planning tool 
comprising : 

processing means (1016), 

2r> storing means (1018 f 1020) 



display means (1014), 

program code means for causing said processing means (1016) to 
compute, from a representation of the topology of the network and from a set of 
demands, a summarised representation of the state of said network at a time t, 
25 wherein said summarised representation summarises the available resources 
by grouping at leaet some of the nodes of said network into a plurality of B- 

btocking islands (Mi) r each B-blocklng island consisting of a set of nodes linked * 
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in a such a way that at least one route with at least an amount B of resources 
exists between any pair of nodes in the set at the time t. 

program code means (1011) for causing said processing means 
(1016) to store in said storing means (1018, 1020) and to display on said 
display means (1014) said summarised representation. 

58. Device (10) which can be used as a terminal node or as a 
communication node in a circuit-switched communication network (1 ), 
characterised by moans for computing, storing and updating at leest a part of 
B-blocking island hierarchy. 

59. A processor readable medium (1011) storing program uode for 
causing a programmable device (10) to compute, store and update at least a 
part Of a blocking island hierarchy. 

60. A processor readable medium (1011) storing a representation 
a circuit-switched communication network using at least a part of a blocking 
island hierarchy. 
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Mfithod of management in a circuit-switched communication network 
(1), performed on or with Ihe aid of at least a programmable apparatus (10) 
connected to said network, it comprises the step of computing and storing in an 
electronic memory e representation of the network based on B-Woeking islands 
(Ni). Each B-blocking island consists of a set of nodes (A-<3) linked in a such a 
way that at least one route with at least an amount B of available rnncave 
resources exists between any pair of nodes In the set at the time l. The B- 
blockino islands (Ni) are organised in a hierarchy, wherein the hierarchical 
position of each Blocking island depends on the choice of the values B, used 
for defining said blocking island. The available bandwidth resources are thus 
summarised in order to reduoa the complexity of network management tseks. 
Bottlenecks in Ihe network are highlighted. The Blocking-island hierarchy can 
bo incrementally maintained. 

Applications: distributed or centrally managed routing, price 
procedures, distributed management with distributed agents, network planning 
and explanation of allocation failures. 
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